AD-A140 567  APPLICATIONS OF THE GPS (GLOBAL POSITIONING SYSTEM)
GEODETIC RECEIVER SYSTEM{U) DEFENSE MAPPING AGENCY
WASHINGTON DC B HERMANN ET AL. 14 MAR 84

UNCLASSIFIED




o
FEEEE

23 e

EEEE
FE

e
== 1.8

1.6

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A




UNCLAFSIFIED AD-A 140 567

SECURITY CLASSIFICATION OF 1118 PAGE

‘ REPORT DOCUMENTATION PAGE /
1a. REPORT SECURITY CLASSIFIC. 116 1t RESTRICTIVE MARKINGS 4
UNCLASSIFIED
2a. SECURITY CLASSIFICATION AUTHOR:TY 3. DISTRIBUTION/AVAILABILITY OF REPORT
N/A Approved for public release;
2b. DECLASSIFICATION/DOWNGRADING SCHEDULE distribution unlimited.
N/A
4 PERFORMING ORGANIZATION REPORT NUMBER\S) 5. MONITORING ORGANIZATION REPORT NUMBER(S)
N/A
N/A
6a. NAME OF PERFORMING ORGANIZAT.ON 6L, OFFICE SYMBOL 7a. NAME OF MON!  ORING ORGANIZATION
Defense Mapping Agency (1f applicable)
Hydrographic/Topographic Centeyd  DMAHTC/GST N/A P
6¢c. ADDRESS r¢'itv. State and 7Z1P Codey 7b. ADDRESS (City, State and 71P Cade) -
6500 Brookes Lane
Washington, DC 20315 N/A
8a. NAME OF FUNDING/SPONSORING Bb. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDEN
ORGANIZATION (1f upplicable,
Defense Mapping Agency PAO
8c. ADDRESS (Crty, State and Z1P Code) 10. SOURCE OF FUNDING NOS.
r
Building 56, U.S. Naval Observatory PROGRAM PROJECT . TASK WORK UNIT
washington’ DC 20305 ELEMENT NO. NO. NO. NO.
11 TITLE dlnclude Security Classification) N/A N/A N/A N/A
Applications of the GPS Geodetic Receiver Systém )
12. PERSONAL AUTHOR(S)  Hermann, Bruce; Evans, Alan G.; Hill, Robert W.; Meyerhoff, Stanley;
Sims, Michael (all of NSWC); and Fell, Patrick J. (DMAHTC)
13a. TYPE QOF REPORT 13h. TIME COVERED N/A 14. DATE OF REPORT (Yr Mo, Day) 15. PAGE COUNT
| Final FROM . TO0. 1984 Mar 14 19
E. SUPPLEMENTARY NOTATION
L COSATI CODES 18 SUBJECT TERMS (Continue on reverse if necessary and identify by block number}
GROUP SUR GR Global Positioning System Low dynamic geophysical survey
05 GEOSTAR geodetic positioning
time multi-plexing baseline determination

19. ABSTRACT (Continue on reverse if necessary and idenafy by block number)

~The Defense Mapping Agency, in cooperation with the United States Geological Survey and the
National Oceanic and Atmospheric Administration, is sponsoring the development of a Global
Positioning System geodetic receiver (GEOSTAR). The receiver is capable of observing up to
four satellites simultaneously by sampling segments of broadcast signals from different
satellites in a time-multiplexing sense using a single dual frequency channel. The receiver
system was designed to measure the geodetic coordinates of points to an accuracy of one
meter and to provide first-order estimates of baselines of up to several hundred kilometers
in length. In addition, the receiver can support positioning and attitude determination of
geophysical survey platforms under low dynamic conditions. Descriptions of these applica-
tions are presented.$:

20 DISTRIBUTION/AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION

UNCLASSIFIED/UNLIMITED (X same As ret [ oTic users [J UNCLASSIFIED

22e. NAME OF RESPONSIBLE INDIVIDUAL 22b. TELEPHONE NUMBER 22c OFFICE SYMBOL
(Include Arca Code)

reLL, PaTRIck I8 4 0 4 26 2/227-2152 DMAHTC/GST

l DD FORM 1473, 83 APR EDITION OF 1 JAN 73 1S OBSOLETE.

| S —
SECURITY CLASSIFICATION OF THIS PAGE
:




3 A
UN(‘mssﬁ“IED
SECURITY CLASSIFICATION OF THIS PAGE

Block 10. Subject Terms
relative positioning

SECURITY CLASSIFICATION OF THIS PAGE




e e e e

LTBDT S MM AR AW mm 158 AMARNDPTA e TS QM
\POLICATTIONS OF TEI 3PS GECDETIC RZCEIVAR 33T

3ruce Hermana
Alan G, Evans
Robert W, Hill
Stanly Meyerhoff
Micnael 3ims

Naval Surface Weapons Center
Dahlgren, Virginia 22443

and

Patrick J. Fell
Defense Mapping Agency
Washington, D.C. 20315

ABSTRACT

The Defense Mapping Agency, in cooperation with the United States
Geological Survey and the National Oceanic and Atmospheric
Administration, 13 sponsoring the development of a Global Positioning
System gzeodetic receiver., The receiver is capable of observing up to
four satellites simultaneously by sampling segments of broadcast signals
from different satellites in a time-multiplexing sense using a single
dual frequency channel. The receiver system was designed to measure the
geodetic coordinates of points to an accuracy of one meter and to
provide first-order estimates of baselines of up to several hundred
kilometers in length. 1In addition, the receiver can support positioning
and attitude determination of geophysical survey platforms under 1low
dynamic conditions. Descriptions of these applications are presented.
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The seodetic o2ommunity nas  used i Javy GHavization Satallite
31 (TRANSIT) to determine the sosition of %thousands of sites since
. Coppler measurements, Sypically thirty to thirty-filve passes, are
essed to provide positional accuracy of about one meter,

Joon aftsr conceptual development of the GPS by the Dejartaent of
Dafanse, oproposals were made by a number of iavestigators for the
application of GPS to geodetic problems. Simulations indicated that a
multiple channel GPS receiver could achieve geodetic accuracy after only
a fa2w hours on station. Early concepts for GPS geodetic receivers
nsually 1involved the application of a navigation receiver. These
concepts, as they matured, produced conflicts between requirements for
navigation and for geodetic positioning that led to the decision %o
develop a GPS receiver system desizned and tailored to mest gzeodetic
requirements. The Defense Mapping Agency, in cooperation with the U.S.
Geological Survey (USGS) and the National Oceanic and Atmospheric
Administration (NOAA), i3 sponsoring the development of a NAVSTAR Global
?ositioning System (GPS) geodetic receiver to meet such requirements.

This paper will discuss several unique GPS applications of this
receiver,

2. THE NAVSTAR GLOBAL POSITIONING SYSTEM

The NAVSTAR Global Positioning System is a satellite-based
navigation system desigzned to provide continuous all-weather navization
to appropriately equipped users on a worldwide basis (Payne, 1982). The
operational system, scheduled for the late 1980s, will consist of 18
satellites in circular orbits having 55-degre2 inclinations and orbit
periods of about 12 hours (Figure 1). This constellation geometry
provides the visibility of four to seven satellites anywhere in real-
time. Each satellite carries an atomic clock with long-term stability
of a few parts in 1012, Navigation signals consisting of spread
spectrum, pseudorandom noise (PRN) signals on two coherent L-band
frequencies are transmitted continuously. The conventional receiver
decodes the PRN s3ignal to obtain orbital elements, time calibration
data, and measurement data.

3. GPS GEODETIC RECSIVER SYSTEM

The applications discussed in this paper make use of the hardware
and software properties of the GPS geodetic receiver system. The
receiver consists of a single RF/IF channel that continuously, in a
time-multiplexing sense, tracks four satellites. Figure 2 shows the
multiplexing sampling and its relationship to the received signals.
Each satellite is assigned a software tracker that samples code and
carrier information from dboth L1 (1575.42 MHz) and L2 (1227.6 MHz). The
samples are used to update code and carrier software tracking loops
which ultimately provide pseudorange and phase observations (Ward,
1982)., Figure 3 is a simplified system block diagram illustrating the
internal segments and provisions for peripherals.
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2ilirfter is a aine-inch 2izh cone 3itiing on op of 3 two s34
sreamplifier housing that can e lcecazad up to 10D faet from ¢
s2ceiver., The receiver and navization 2rccessor are ia the same 15 by
17 by 8~inch nousing. A control display unit attached to a six-foot
2able is a part of the receiver/navigation processor. Fizure 4 shows a
typical 3zeodetic sstup of the preceiver. Normally, a dual cassette
recorder is used, TFor several of the following applications, however,
the data recording will be handled by a different data storage system.

a

The receiver can be thought of as a software machine 3ince most of
the receiver functions are handled by the receiver procsssor, a SBP 9990
aicroprocessor, with RAM making up 75 percent of the memory. A second
58P 9990 is employed to perform geodetic solutions in real-time by
ccumunizating, through shared memory, with the receiver processor. The
system's flexibility, offered by this dual microprocessor RAM nemory
arrangement, makes the raceiver an ideal system for various applications
of the Global Positioning System.

4,  APPLICATIONS

The geodetic receiver was developed for stationary, absolute, and
relative positioning applications, The receiver can, however, be used
with various low dynamic geophysical survey platforms. The sections
that follow will describe some of these applications in uore detail.

4.1 Geodetic Positioning

The primary application which led to the development of the GPS
geodetic receiver system 1is geodetic positioning analogous to dynamic
point positioning currently performed using the Transit system (Smith,
et al., 1976). In this application, either range or integrated Doppler
(phase accumulation) observations using both L1 and L2 are obtained from
four satellites simultaneously during a site occupation of less than one
day. Two frequency observations are used to eliminate first-order
ionospheric refraction. The particular satellites used during the
occupation period will vary among those available based on a serial
optimization of the s3ite coordinate estimation. Additional parameters
for receiver frequency error and anomalous tropospheric refraction are
included in the estimation as required. Precise GPS satellite
ephemerides will provide satellite positions necessary in the post
mission data processing algorithms. Real-time position estimation using
the broadcast GPS navigation message will be performed for on-site
quality assurance,

Detailed simulations of geodetic positioning wusing range and
Doppler observations from a single channel receiver for a GPS-type
constellation have inferred positional accuracies of a meter after 24
hours of continuous observation {Fell, 1980). Observational noise levels
similar or larger than those obtainable with the geodetic receiver were
assumed. Errors in satellite ephemerides, satellite and receiver atomic
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nscillators, and Lrcposshneric raefragticn ierz acnasidered, Zinez the
recaiver, In a3  tize-aulitiolexing  sense, teacks Jocur o sanellicvas
sizultanegcusly, the raceived satallite zeometry will e optinized faster
than those assumed in simulation, It i{s *hus anticipa t one netar

ted that
accuracy in 2ach coordinate of nosition may te obtained in six £o twelve
hours, or »o0ssibly ia less time, I 2lzments of the simulation error
budget (Fell,1975) are improved in actual applications.

The capability to perform accurate geodetic rositioning worldwide
usiang GPS observations will provide for continuing support to those
elaments of mapping, charting, and geodetic apnlications currently
supported by Transit satellite positioning. These include the accurate
positioning of instrumentation; control for national or regional survey
aetworks, the development of satellite derived regional geoids, control
for photogrammetric mapping, and development of datum transformations.

4.2 Static Baseline Determination

A second geodetic application for the GPS geodetic receiver system,
the one of nigh priority to the National Geodetic Survey of NOAA, is the
estimation of precise baselines between fixed points. Accomplishment of
first-order accuracy within a few hours of site occupation is the goal
of this development.

The approach to this problem is to simultaneously measure the phase
of the two reconstructed GPS carrier frequencies, L1 and L2, from each
of four satellites simultaneously at two or more sites separated by up
to hundreds of kilometers. Again, observations are made on two coherent
frequencies to eliminate first-order ionospheric refraction effects.
The phase observations obtained may be treated in one of several ways
prior to baseline estimation. Such approaches consist of taking single
or double differences of phase observation to eliminate particular error
sources or model parameters required using nondifferenced observations
(Fell, 1980) (see Section 4.4 for additional details).

Simulations of baseline determination wusing a single channel
receiver with double-differenced phase measurements indicate that first-
order accuracy can be achieved for 100-kilometer baselines in about six
hours. The use of simultaneocus phase measurements to four satellites
Wwill provide such accuracy ia approximately two hours. This level of
accuracy has already been demonstrated using the Macrometer (Goad and
Remondi, 1983) which adopts a different measurement procedure on only
one frequency, but uses a similar data processing approach.

The geodetic and geophysical applications of precise baseline
determination 1include survey densification, monitoring of crustal
motion, and transferring local control across areas where conventional
survey methods are not applicable.
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Dynanic r2lativa sositioning as “eea oroposad 3is 3 teans wnerel’
selantific survey saips operating in coastal watsrs may 4enL:ve accurate
tracks of position wita respect to time, Data would be recorded

simultaneously on the snip and a1t oae or azore fixed sites on land.
alter the operations are completed, the data sets would be processed to
ovtain the desired information. An accuracy goal of less than 5 meters
error in a three-dimensional position fix has been proposed.

Figure 5 illustrates the creceiver and satellite relationships.
Biased range data are recorded by each vreceiver from the four
satellites. The bias represents the combination of local tine error t3
and satellite time error Tj. The obhservation is therefore:

Rij = rij o+ ty + Tj 1)
#here 1 represents the receiver, J represents the satellite, and £iy is
the geometric range from site i to satellite j.

In order to eliminate the time errors, the biased ranges are
differenced twice. The first difference is performed on the observations
at each receiver. One of the satellite observations is subtracted from
the other three. This eliminates the receiver contridbution ty; and other
propagation errors that are common to both transmission paths and have a
form similar to a bias.

Rij = Rin = ryy+ ti + Tj - rin = ty - Tn

Rij - Rin = Pij - Pin 4 Tj - Tn . (2>

The second difference is performed between observations of a single
satellite recorded by both receivers. This removes satellite timing
errors and other errors, such as radial orbit error, that have a similar
form:

Rij - Rin - (Rpj = Rmp) = riy - rin+ T3 - Tn - (Ppj - ran + TJ-Tn)
Rij = Rin = Rmj + Bpn = rij - fm3 = (Pin = rpn). (3)

The resulting quantity contains multiple differences of ranges between
satellites j and n and receivers L and m. It is no particular advantage
to locate the fixed sites near dynamic sites. All that is required is
that they observe the same satellites over a substantial period of time,

This doubly differenced data can then be used to solve for the
dynamic receiver position relative to the stationary sites. It 1is
expected that sufficient data will be accumulated during the planned
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4.4 Atritude Determination

Prior to th. development of the WNAVSTAR Global Positioning 3ystem,
only inertial measurement systems had the potential to provide both
position and platform orisntation, 6 degree-of-freedom information, as a
stand-alone system (Johnson, =t al., 1981-82). Now, GPS racsivers have
been successfully used to determine antenna position (Henderson and
Strada, 1980; Lachapelle, et al., 1982; and 0Q'Toole and Carr, 1982).
Al30, a number of proposals have been nade to use phase measursaments
from multipls GPS satellite %racking receivers to determine Dlatform
orientation (Johnson, et al,, 1981-82; EZllis and Greswell, 1¢73; and
3riffin and Coulbourn, in press). These proposals adopt interfzrometric
procedures using the phase of the satellite-transmitted carrier signals
measured at the same instant at two or more antennas.

4.4.1 Fixed Antennas

Three points, not in a straight line, define the orientation of a
plane with respect to a ziven coordinate system. If a vehicle is
attached to this plane, then the vehicle orientation i3 also determined.
The Global Positioning System of satellites defines a coordinate system
which can be related to the fixed earth. The GPS satellites also
provide coded signals which can be received, decoded, and processed with
a suitable algorithm to establish the location of the receiver antenna,
with respect to tiais coordinate system, at a specific time. Repeated
processing of the received GPS signals will produce a three-dimensional
track of the vehicle's position with respect to time. This information
can then be used to navigate the vehicle. In a similar fashion, the
three-axls orientation of a vehicle can be computed if signals are
avallable simultaneously from three or more antennas.

In order to do three-axis orientation, the three antenna positions
must be kXnown relative to each other in the vehicle referance frame.
Then, comparison of the phase of the GPS signals received at the several
antennas allows one to orient the plane containing the antennas with
respect to the GPS coordinate system. This in turn orients the vehicle
in the same systen.

Simultaneous three-dimensional navization and three-axis orienta-
tion are possible if a suitable receiver and reduction algorithm are
pated, The time multiplexed receiver goes a long way towards meeting
the receiver requirement of tracking four satellites (for instantaneous
navigation) simultaneously from three antennas (for instantaneous
orientation). The system uses software to multiplex the received
siznals among the several software tracking loops. These loops operate
independently on an assigned satellite signal and frequency (L1 or L2).
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The rag2iver as a Mindamenc:il sloegiag latereal o8 20mI T, -
raeRiver  Sreraticas  ar:  3em2 lategsr Irmztica or amlsinl: of
Troleally, ke racaiver dWells Sor T/2 cn o2ach satellits and T/Y oa 2:ma
feaquency of 2 particalar sacellite. Thus, 1t has o2ompleted an

2osaervation cycle appropriate Jcr the navigation function usiag a1 single
antanna {(two frequenciss and four satellites) after 2T, Collecting data
%0 solve the orientation problem requires that anRF switceh be inserted
vetween the antennas and the receiver, This switch would be activated in
syachronization witn the receiver clocking interval T. Then when the
switch is operated, the next antenna would be selected to feed signals
to its dedicated software tracking loops. In the time between updates
of a particular tracking loop, it would propagate using the most recent
data, Thus, it night be possible to keep several auxiliary sets of
tracking loops (one set per antenna) running in the navization
processor, =2ach set being updated by the receiver processor software.
Undatz intervals of these auxiliary trackers would be at intervals of
2NT, wWhere N is the number of antennas being used. The receiver would
then provide the data from all of its trackingz loops to an external
computer., This computer would contain the navization-oriesntation
algorithm and display the continuously updated solution. Figure 6
{llustrates the proposed arrangement.

Navigation accuracies depend upon the precision of the pseudorange
measurement, the errors in the satellite ephemeris, and the geometric
strength of solution provided by the observed satellites. Receiver
pseudorange accuracies using P code tracking are quoted as being less
than 1,5 meters (Johnson, et al., 1981-82). Therefore expected three-
dimensional positioning should be as good as any conventional code
tracking receiver,

Orientation accuracies are proportional to the accuracy of the
. phase difference measurement (Alj), and inversely proportional to the
! distance between the antennas (bi) multiplied by the sine of the angle
i Gij between the line connecting the antennas and the satellite vector:

: - A1
A1 by sin8yj. ()

The subscripts in this equation indicate the particular daseline (i) and
satellite (J).

Receiver phase measurement accuracies are expected to be about
0.005 meter. If an optimal four satellites are always contributing
data, then the resulting angular precision will not be seriously
perturbed should the position of one satellite cause the sin Q'ij to
approach zero.

Simulations have shown that equation (4) can be used to estimate
the angular accuraclies that result for a given phase measurement error
and baseline length. For example, the standard deviation of the angular
estimate, gziven a 2-meter baseline and a wueasurement error of 0.005
meters, can approach 3 milliradian (Hermann, in press).

6
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~ @ivers, zalred with Saree antennas, viil

operate in the coqavention navigation zode aboard the UINS 3edstone, a

sciantific survey shin., The three receivers will Ye syachronized to a

single f{requency standard and will trick the same 3atellites so that

simultaneous phase data are available. This is crucial for a successful

test., The broadcast ephemeris, recziver diagnostics, pseudoranges, and

chase data will be recorded on tape for postprocessing. Comparison data

w1ll be provided by the ship's inertial navigation system. Should the

results of the processing show promise, work will ©begin toward
implementing the real-time system,

4.4.2. Rotating Antenna

Instead of phase measurements, an alternate procedure uses
change-in-phase measurements. This removes the requirement that the
phase measurements be c¢oherent. Also, 1instead of using three fixed
antennas on a platform, the procedure uses one antenna rotated in the
plane of the platform. Therefore, no additional signal channels are
required of the receiver in order to determine both real-tine
positioning and orientation for low dynamic vehicles.

This platform orientation procedure takes advantage of two physical
characteristics. First, the GPS receiver is designed to track
four satellites even when the antenna is attached to a high dynamic

vehicle, such as a fast airplane or missile. The proposed procedure is
to be used on low dynamic vehicles, such as boats, helicopters, or slow-
flying aireraft which support geophysical surveys. Therefore, the
antenna will be able to have some additional motion and the receiver
will still be able to track four satellites.

Secondly, movement of the antenna away from its location and then
back to 1its original location does not change the phase measurements
which would have been taken if the antenna had not moved between
measurement times. Here, it may be necessary to deterministically
compensate for antenna spin. This is a result of the Doppler effect and
assumes that the receiver is tracking satellites during the antenna
motion.

The proposed procedure is to periodically change the position of
the electrical center of the antenna. The position change i1s done slowly
anough not to lose track on the satellites, but faster than the dynamics
of the vehicle. The periodic changes in antenna position imply periodic
changes to known positions on the vehicle, which are synchronized in
time with receiver measurenents,

The procedure 1s not restricted to a specific type of periodic
motion. One of the simplest applications would be periodic circular
motion in the plane of the platform. This would be accomplished by
placing an antenna at the end of a rotating arm, or within a rotating
disk. The antenna may require a coupler for connection to the receiver
cable, The accuracy of such a device would depend on a number of
factors. Most important are the radius of the eircular wmotion, the
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The orisntation =2s3nitation 1s, or course, made at discrete &i
In 2 dynamic situaticn, the venicle and the antenna move Ybetuween
measurements. Consegquently, an interpolation procedure is necessary %o
estimate the neasured values at the appropriate times.

A static demonstration of GPS attitude determining capabilities has
been performed. Here, available data (Zvans, et al.,1331) from a
Stanford Telecommnunications, Ine. {(STI) zeodetic GPS receiver were used.
The antenna was periodically +aoved to three locations of 2a platform,
The »osition changes were every 15 ainutes and done within a 40-second
changs-in-phase n1easurement interval, Since the receiver tracks only
one satzallite at a3 time, data from repeated positinon changes were used
to emulate tracking multiple satellites during the tracking interval.

The change-in-phase measurements are used to obtain observed values
of change in range. This is done by integratinz the received frequency
fp(t), subtracted from a precise ground station frequency fs,over a time
interval (Tj_y, j). The received frequency is the sum of the transmitted
frequency f1 and the Doppler effect. Therefore, the change in phase, in
¢yeles, is

wl
-

=,y - fp(t).at (

Ny
= Ei_ f‘ - f + f‘ R(t). dt
. ti-1'' 8 T T

ti'fg - f‘t)(ti-ti_ﬂ + It ,R(ti)-R(ti-1). (M

where ¢ is the speed of 1light and R(t) is the range at time t to the
satellite. The measured change 1in phase i3 used to determine th
observed change in range using equation (7). Using the change-in-range
values from the two-frequency GPS channels, 2 first-order ionospneric
correction is made. Vext, the calculated ranges from the assumed
position are fit to the data to determine biased ranges and improvements
to 3ix orbit elements and tropospheric refraction corrections. The
difference in the residuals of these fits at times before and after the
antenna moves represents the observed change 1in range due to the
position changes. The details of this method have been presented
previously (Evans, et al., 1931).
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The root-mean-square error of the demenstrated angular estimates was
less than half a degree for the 2-meter baseline. Tnils is a reasonably
good result considering the long time interval of the position changes,
and 1t approaches the accuracy of the survey procedures for determining
the truth directions.

The ascuracy of the ionospheric-corrected, phase-differenced
neasurements i3 adbout 2 centimeters for the receiver used in the test
{sohnson, =t al., 1281-382). The addition of a similar value for the
clock error over the 50-3econd ameasurement interval ({Evans, et al.,
1981) ircreased the range difference measurements to a little less than
3 centimeters. For a 2-meter baseline, this translated to a single
dimension ocorientation estimation accuracy of about 14 wmilliradians, or
0.3 dezgree. This expected accuracy is in agreement with the results of
the test case,

For 2-meter or smaller baselines using the GPS receiver,
the rotating antenna procedure should be slightly less accurate than the
fixed antenna procedure. Here, the clock error must be kept well below
the phase n1easurement accuracy of the receiver, This, of course,
depends on the clock accuracy and the rotational time interval. Using
the expected one-degree Ly channel phase measurement accuracy ({(Johnson,
et al., 1981-82), results in a range difference accuracy of about 0.025
centimeter. This expected range-difference measurement accuracy is
directly related to the orientation estimation accuracy and represents
an improvement by a factor of about 27 over the test case accuracy. A
rotational period of one second would result in a clock error, for a
reasonablj ?riced oscillator (Standard Product Price Book, 1982) of one
part in over one 3econd, or .0103 centimeter. It is felt that
additional contributing errors such as the change in orbit error during
the one-~second rotation and mechanical positioning errors should be
mininal. Also, interpolation errors for low dynamic vehiclaes should bve
small, It will bde necessary to compensate for electrical shase center
movenent within the antenna. However, with one antenna, phase center
biases are eliminated. In summary, if the expected phase measurement
accuracies of the new multiplexing GPS geodetic receiver are as
expected, then the orientation estimation accuracies for a 1-second
rotation period will be significantly improved over the presented test
case and should be comparable to, although slightly less accurate than,
the fixed-antenna procedure for 3mall baselines.

The test case demonstratzs that in addition to position and
velocity determination, the WAVSTAR Global Positioning System can be
used for orientation determination. The accuracy analysis indicates
that GPS orientation determination can bhe utilized in a wide range of
1pplications.
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Currently an 2ighaustive Zest zrograa 13 underway o asssess She
weuricies of the ipnroacaes discussed avove wWwhlsh  suzport J2odetic
»ositioning, p»latforam orientation, and navizaticn support Lo z2sonysical
3UrYSYSs, Other appliecations suca as  zlobal ‘hime  Gtrassler 4@3ing
1itarnate trumentation are under development. The projectad accuracy

ins
satellite time and p0c1ylon estimates and availability will
foster new ideas on applications, and as these ideas are zeraminated,
user equipment technology will follow.




~* The Navster GPS 8-Plane 18-Satstiite Configuration
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